Introduction
Metal-centered oxidations are ubiquitous in organometallic transformations. A classic example of this is found in the Shilov system, where platinum(II) alkyls become susceptible to nucleophilic attack upon oxidation of the metal center. Metal-centered redox changes often lead to dramatic changes in the ligands. This effect is classically demonstrated by changes in the acidity of aquo ligands, 2 but more recent work illustrates how redox changes can affect the reactivity of ligands of more direct relevance to homogeneous catalysis. For example, Tilset and co-workers estimate that a 1 e -oxidation increases the acidity of metal hydrides by as much as 10 20 .
3 Such drastic changes portend the significant opportunities for exploiting the effects of redox on catalysis.
Complementary to metal-centered redox, and more subtle, are ligand-centered redox reactions. 4 Ligand-centered redox reactions are enabled through the use of non-innocent ligands (NILs), which are numerous and diverse in structure. Although NILs undergo redox changes remotely from the metal, the attendant changes in NIL donor properties affect the metal center and the other ligands. 5 An excellent comparison of metal-centered versus ligand-centered redox changes is provided by Vlcek and co-workers. For the [Mn 0 (CO) . 6 Ligand-centered redox changes may prove more compatible with catalytic reactions, where gentle structural and energetic changes are more compatible with rapid turnover rates. 7, 8 The role of NILs is well-documented in bioinorganic chemistry. Ex-amples include modified phenols in galactose oxidase and in cytochrome c oxidase and the porphyrinate in cytochrome P450.
9
Although the coordination chemistry of NILs is longestablished, 10 many of the prominent M-NIL systems oxidize at fairly severe potentials. [11] [12] [13] Furthermore, ligandcentered redox changes in M-NIL complexes are known to induce aggregation, 14 which quenches the coordinative unsaturation that is typically required for catalytic activity. For example, the unsaturated dithiolene derivatives of CpCo III and (arene)Ru II dimerize upon oxidation. 15 The N-substituted amidophenolate ligands popularized by Wieghardt et al. resolve the deficiencies with traditional NILs, offering both mild redox potentials and steric bulk that inhibits redoxinduced aggregation. 13, [16] [17] [18] Studies of the role of NILs in other areas of organometallic chemistry are accelerating. 19, 20 Despite these advances, the influence of redox poise of an NIL on alkenes remains underdeveloped. Metal alkene complexes with NILs have been reported, but well-defined systems with fully characterized redox partners have not been described. 11, 12, 20, 21 In this work, we probe the influence of the amidophenolate NILs on the coordination properties of alkenes. Metal alkene complexes have broad importance, including economically significant processes such as Reppe chemistry and Wacker oxidation, along with innumerable stoichiometric reactions.
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For this work, we selected the non-innocent ligand 2-(2-trifluoromethyl)anilino-4,6-di-tert-butylphenol (H 2 t BA F Ph). Since amidophenolates are derived from t-Bu-substituted catecholates, the resulting complexes exhibit enhanced solubility in noncoordinating solvents that facilitates the isolation of reactive radicals. In this ligand, the amine is functionalized with a 2-trifluoromethylphenyl group, and the plane of this aryl ring is perpendicular to the (Figure 1 ). The norbornadiene complex 2 also undergoes two reversible oxidations at the similar potentials of 0.40 and 1.13 V. These data provide rare evidence for the increased donor ability of COD versus the other common chelating diene, nbd. Complex 3, containing the substituted catecholate, oxidizes reversibly, as seen for 1, but at a potential that is 350 mV more positive. The complex of the unsubstituted catecholate 4 oxidizes irreVersibly and at still more positive potentials. 12 The complex Pt(mnt)(COD) (mnt ) maleonitriledithiolate) displays no observable oxidation events within the same potential range. 6 and its precursor were further characterized by X-ray crystallography ( Figure 2 and Table 2 ). In 1, the carbon-carbon distances within the amidophenolate ring range from 1.377 to 1.402 Å, consistent with the unperturbed aromaticity of the phenylene group. For the oxidized complex [1]PF 6 , these C-C distances were more disparate, ranging from 1.352 (4) to be in a narrow range, 1.39-1.41 Å, suggestive of aromaticity, whereas for 1 + , the C-C range of 1.38-1.45 Å supports an imino-semiquinone description. Again, this computed result mimics the crystallographic analysis of 1 and [1]PF 6 . Finally, plotting the spin density (Figure 3 ) of 1 + shows the majority of the electron density to be on the imino-semiquinone ring, consistent with the EPR spectral assignment (vide supra). The experimental and calculated data, taken together, support the formulation of [1]PF 6 as a ligand-centered radical.
Reactions of Pt-Imino-semiquinone-Alkene Complexes. In [1]PF 6 , the diolefin is activated toward nucleophilic attack. Treatment of solutions of [1]PF 6 with NaOR (R ) Et or Me) efficiently afforded the alkoxide adducts (Scheme 1). The nucleophilic addition proved reversible: treatment of 1OMe with HPF 6 regenerated [1]PF 6 . The isotropic EPR spectrum of 1OMe was simulated for a single species with g iso ) 2.009, indicative of regioselective addition of the methoxide. The cyclic voltammogram of 1OMe in CH 2 Cl 2 solution displays one oxidation and one reduction, at E 1/2 ) 0.55 and -0.45 V, respectively (Figure 1 ). The DFToptimized C-C bond lengths of the aromatic ring of 1OMe range from 1.38 to 1.46 Å, consistent with the ligandcentered, imino-semiquinone formulation.
In 1OMe, the nucleophile is situated at an exo position, trans to the phenolate ( Figure 4 ). As in [1]PF 6 , 1OMe features an imino-semiquinone ligand, as indicated by the pattern of bond distances within the chelating N,O ligand. Compared to [1]PF 6 , the C-N distances are elongated (1.341(3) to 1.370(13) Å) and the C-O distances are shortened (1.316(3) to 1.283(12) Å) in 1OMe. The Pt-O distance is most strongly affected by the addition of the methoxide, with an increase from 2.0115(19) to 2.117(7) Å. These changes in bond length between [1]PF 6 and 1OMe are reflected both in direction and in magnitude upon comparison of the DFToptimized structures of 1 + and 1OMe, although the elongation of the C-N bond is modest, δ CN < 0.01 Å, in the calculations.
As indicated by the voltammetry measurements, 1OMe can be readily reduced. Treatment of 1OMe with Cp 2 Co gave (12) to 1.392(13) Å). Correspondingly, the Pt-N and Pt-O distance decreased. Distances within the phenolate ring are again consistent with aromaticity. Of the four structures, this anionic complex displays the shortest Pt-C alkene distances (2.085 (11) and 2.092(11) Å). The NMR spectrum of Cp 2 Co[1OMe] is broadened due to paramagnetic impurities, but sufficiently well resolved to demonstrate that a single isomer is present, again confirming that the methoxide adds stereospecifically. In view of the isolability of Cp 2 Co[1OMe], we attempted the reaction of 1 with NaOMe, but no reaction occurred.
DFT Calculations. The combination of spectroscopy, electrochemistry, and reactivity displayed by Pt( t BA F Ph) complexes of diolefins reveals a rich chemistry that is potentially tunable via the use of appropriate NILs. Of particular interest, in the context of catalysis, is the regiospecificity of nucleophilic addition that is observed upon oxidation of the starting materials. Simulations, first sought to assess if kinetic or thermodynamic discrimination led to the observed product, 1OMe. On the basis of a natural population analysis (NPA), little difference in calculated atomic charges is seen among the alkene carbon atoms in 1 and 1 + (q(C ol ) ) -0.29 to -0.31 e -for the four olefin carbons in 1, and q(C ol ) ) -0.24 to -0.26 e -for the four olefin carbons in 1 + ). Furthermore, the frontier orbitals of 1 + , in particular, low-energy unoccupied orbitals with orbital character on the COD double bonds in 1 + , were analyzed to assess whether the regiochemistry of methoxide addition to 1 + is orbitally controlled. Only small polarization of the CdC π orbitals of the COD orbitals could be discerned ( Figure  5 ). Hence, we focused on the possibility that the regiochemistry of methoxide addition to 1 + was dictated by thermodynamic considerations.
One further point of potential relevance to the regiochemistry of methoxide addition concerns the NPA-calculated atomic charges that change very little for both Pt and O (of . Hence, we cannot discount a subtle trans effect (i.e., a transition-state versus a ground-state effect) mediated by the oxidation of t BA F Ph, which serves to enhance reactivity toward nucleophiles and to discriminate between the two double bonds of COD.
DFT computations were utilized to evaluate the various possible isomers of 1OMe in order to assess their relative thermodynamic stabilities (Figure 6 and Tables 3 and 4). Four isomeric minima were obtained with the oxygen on the OMe group in various locations, as defined by its position relative to the Pt-O/N bonds (cis and trans) and the CF 3 group (syn and anti). It was assumed, and test calculations supported this assumption, that methoxide addition would occur from the exo face of the COD. Table 3 summarizes the calculated relative free energies of the isomers, in kcal mol -1 , for full QM/MM chemical models. Calculated electronic energies and enthalpies of formation show similar trends.
The isomer predicted to be most stable matches the experimentally observed structure; it is ∼5 kcal mol -1 lower in energy than the next lowest energy isomer. This result 
Conclusions
The mild and reversible oxidation potentials of the amidophenolate complexes versus the related catecholate complexes clearly demonstrate the advantages of the amidophenolate ligand for organometallic chemistry and its potential for tunable organometallic catalysis. The Nsubstituted amidophenolate ligand was utilized in the isolation of a pair of metal alkene complexes in which the redoxactive ligand is in two different oxidation states. Complexes 1 and 1 + were amenable to full spectroscopic and crystallographic characterization.
The susceptibility of coordinated olefins to nucleophilic attack is the basis for a variety of transformations, some of which are useful in organic synthesis. 22 The electrophilic activation of alkenes is of increasing interest. 26, 28, 29 The greater electrophilicity of cationic versus neutral platinum olefin complexes has been well-documented, especially by Natile and co-workers. [28] [29] [30] The redox-active character of the amidophenolate allowed us to "turn on" the electrophi- Redox ActiWation of Alkene Ligands licity of the coordinated alkene. Whereas 1 is unreactive toward nucleophiles, the oxidized derivatives rapidly and stereospecifically add alkoxides at carbon. Although [1OMe] -proved sufficiently stable to characterize, 1 exhibited no reactivity toward NaOMe. Thus, the electrophilic enhancement by ligand-centered oxidation was required. Summarizing, the present work demonstrates the influence of redox poise of non-innocent ligands is sufficient to induce the reactivity of alkene ligands. Further studies involving monoalkenes would be of interest.
Experimental Section
Reactions and manipulations were performed under a nitrogen atmosphere using standard Schlenk line techniques. Solvents were dried and deoxygenated prior to use. The compounds H 2 t BA F Ph, 18 PtCl 2 (COD), and PtCl 2 (nbd) 31 were prepared according to standard methods. Elemental analyses were conducted by the School of Chemical Sciences Microanalytical Laboratory. 1 H NMR spectra were acquired on a Varian Unity 500 instrument. Cyclic voltammetry was performed on a BAS CV-50W voltammetric analyzer. The following conditions were employed: 0.1 M NBu 4 PF 6 as the supporting electrolyte, glassy carbon as the working electrode, Ag/ AgCl in saturated KCl as the reference electrode, and Pt wire as the counter electrode. X-band EPR spectra were collected on a Varian E-122 spectrometer. Samples were prepared as 1 mM solutions in 1:1 CH 2 Cl 2 /toluene. Variable-temperature spectra were recorded using an E-257 variable-temperature accessory with liquid nitrogen as a coolant. The magnetic fields were calibrated with a Varian NMR Gauss meter, and the microwave frequency was measured with an EIP frequency meter. EPR spectra were simulated using SIMPOW software. . A solution of 6.9 mg (0.01 mmol) of 1OMe and 1.9 mg (0.01 mmol) of Cp 2 Co in 1 mL of MeCN was prepared. The resulting solution appeared yellow in color. When the solution was allowed to stand, single crystals appeared in the NMR tube.
Computational Methods. All computations were carried out with the Gaussian 03 software package. 33 Equilibrium geometries and harmonic vibrational frequencies were determined using a QM/MM approach. 34 The high level of theory was density functional theory (DFT) using the B3LYP hybrid density functional. The Stevens relativistic effective core potentials (ECPs) 35 and attendant triple-valence basis sets were utilized to model the platinum atoms, and main group elements were modeled with the 6-31G(d) all-electron basis set. The low level of theory used the universal force field (UFF). 36 All stationary points are confirmed minima on the potential energy surface. The QM partitioning included almost the entire complex, except for the t-butyl groups on t BA F Ph. Thermodynamic quantities were calculated at 298.15 K and 1 atm.
